Analysis on amide synthase and methyltransferase in biosynthesis of streptovaricin from the strain NRRL 2494 by 宋姣姣
  
学校编码：10384                                分类号      密级       
学    号：21620121152384                                   UDC        
 
      
 




Analysis on amide synthase and methyltransferase in 




              指导教师姓名：张连茹 教 授 
吴莹莹 助理教授 
 专 业 名 称 ：微 生 物 学 
论文提交日期：2015  年  5 月 
论文答辩时间：2015  年  5 月 
学位授予日期：2015  年  6 月 
 
答辩委员会主席：           
评    阅    人：           
 





















另外，该学位论文为（                         ）课题（组）
的研究成果，获得（                         ）课题（组）经费

































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于    年  月  日解密，解密后适用上述授权。 






                              声明人（签名）： 














目  录 
 
目  录 
摘  要 ........................................................................................................ I 
Abstract .....................................................................................................II 
缩略词对照表 ......................................................................................... IV 
1 前  言 .................................................................................................... 1 
1.1 安莎类抗生素的研究概述 ............................................................................ 1 
1.1.1 安莎类抗生素的结构与活性.............................................................. 1 
1.1.2 利福霉素生物合成的研究进展.......................................................... 3 
1.2 聚酮链的环化与释放 .................................................................................... 9 
1.2.1 TE 介导的产物释放机制 ..................................................................... 9 
1.2.2 酰胺合酶催化的产物释放机制........................................................ 11 
1.3 SAM依赖型甲基转移酶的研究进展 ......................................................... 12 
1.3.1 SAM 依赖型甲基转移酶的分类及特点 ........................................... 13 
1.3.2 SAM 依赖型甲基转移酶的作用机制 ............................................... 15 
1.4 曲张链菌素的研究进展 .............................................................................. 17 
1.4.1 曲张链菌素的结构............................................................................ 17 
1.4.2 曲张链菌素的生物活性.................................................................... 18 
1.4.3 曲张链菌素的生物合成途径............................................................ 19 
1.5 本研究的目的和意义 .................................................................................. 25 
2 材料与方法 .......................................................................................... 27 
2.1 实验材料 ...................................................................................................... 27 
2.1.1 菌株.................................................................................................... 27 
2.1.2 质粒.................................................................................................... 27 
2.1.3 引物及其序列.................................................................................... 30 
2.1.4 培养基和试剂的配制........................................................................ 32 
2.1.5 主要仪器............................................................................................ 35 
2.2 实验方法 ...................................................................................................... 36 
2.2.1 大肠杆菌的培养及菌种保藏............................................................ 36 
2.2.2 链霉菌的培养及菌种保藏................................................................ 36 
2.2.3 大肠杆菌感受态细胞的制备............................................................ 36 













目  录 
 
2.2.5 大肠杆菌质粒 DNA的少量快速提取和检测 ................................. 37 
2.2.6 PCR 扩增体系及反应条件 ................................................................ 37 
2.2.7 PCR 产物纯化 .................................................................................... 38 
2.2.8 DNA 片段回收 ................................................................................... 38 
2.2.9 片段的酶切........................................................................................ 39 
2.2.10 目的片段与载体的连接.................................................................. 39 
2.2.11 质粒 DNA转化大肠杆菌 ............................................................... 39 
2.2.12 链霉菌总 DNA 的少量快速提取 ................................................... 40 
2.2.13 碱性溶菌法提取链霉菌质粒.......................................................... 40 
2.2.14 大肠杆菌-链霉菌属间接合转移 .................................................... 40 
2.2.15 双交换突变株的筛选及初步验证.................................................. 41 
2.2.16 曲张链菌素及其中间产物的提取.................................................. 42 
2.2.17 曲张链菌素及其中间产物的检测.................................................. 42 
2.2.18 生物信息学分析.............................................................................. 42 
3 结果与分析 .......................................................................................... 44 
3.1 曲张链菌素生物合成基因簇分析 .............................................................. 44 
3.1.1 NRRL 2494菌株基因组扫描测序 .................................................... 44 
3.1.2 曲张链菌素生物合成基因簇序列分析............................................ 44 
3.1.3 曲张链菌素生物合成基因簇特征分析............................................ 48 
3.2 NRRL 2494 菌株遗传操作系统的建立 ...................................................... 50 
3.2.1 NRRL 2494 菌株产孢培养基筛选 .................................................... 50 
3.2.2 抗生素敏感实验................................................................................ 51 
3.2.3 NRRL 2494 菌丝和孢子的形态观察 ................................................ 52 
3.2.4 接合转移条件的优化........................................................................ 54 
3.2.5 发酵培养基的筛选及优化................................................................ 54 
3.3 酰胺合酶基因 svaF 敲除突变株的构建与验证 ........................................ 56 
3.3.1 酰胺合酶 SvaF的生物信息学分析 ................................................. 56 
3.3.2 酰胺合酶基因 svaF敲除质粒 pWY5的构建 ................................. 57 
3.3.3 接合转移............................................................................................ 59 
3.3.4 双交换突变株的筛选........................................................................ 59 
3.3.5 svaF 基因敲除突变株的 PCR 验证 .................................................. 60 
3.3.6 svaF 基因敲除突变株的代谢产物分析 ............................................ 62 
3.3.7 酰胺合酶基因 svaF回补质粒的构建 .............................................. 63 
3.4 曲张链菌素 3个甲基化转移酶敲除突变株的构建与验证 ...................... 64 
3.4.1 相关甲基化基因的生物信息学分析................................................ 64 
3.4.2 甲基转移酶基因 sva7敲除突变株的构建与验证 .......................... 65 
3.4.3 甲基转移酶基因 sva14敲除突变株的构建与验证 ........................ 71 
3.4.4 甲基转移酶基因 sva15敲除突变株的构建及验证 ........................ 75 













目  录 
 
4 讨论与结论 .......................................................................................... 81 
4.1 讨论 .............................................................................................................. 81 
4.1.1 曲张链菌素的生物合成基因簇........................................................ 81 
4.1.2 大肠杆菌与壮观链霉菌 NRRL 2494 的接合转移 .......................... 82 
4.1.3 曲张链菌素生物合成中酰胺合酶基因的功能................................ 83 
4.1.4 曲张链菌素生物合成中甲基转移酶的功能推测............................ 83 
4.2 结论与展望 .................................................................................................. 84 
参 考 文 献 ............................................................................................ 86 
























Abbreviation in Chinese ........................................................................... I 
Abstract .....................................................................................................II 
List of abbreviation ................................................................................ IV 
1 Preface ..................................................................................................... 1 
1.1 Overview of research on ansamycin antibiotics .......................................... 1 
1.1.1 Structure and activity of ansamycin antibiotics .................................... 1 
1.1.2 Research progress of the biosynthesis of rifamycin ............................. 3 
1.2 Cyclization and release of polyketide chain ................................................ 9 
1.2.1 The general mechanism for TE-catalyzed product release ................... 9 
1.2.2 The mechanism for amide synthase-catalyzed product release .......... 11 
1.3 Research progress of SAM-dependent methyltransferases ..................... 12 
1.3.1 Classification of SAM-dependent methyltransferases ........................ 13 
1.3.2 The mechanism of SAM-dependent methyltransferases .................... 15 
1.4 Research progress of the streptovaricin .................................................... 17 
1.4.1 The structure of streptovaricin ............................................................ 17 
1.4.2 Biological activity of streptovaricin.................................................... 18 
1.4.3 The biosynthetic pathway of streptovaricin ........................................ 19 
1.5 The objectives and significance of this study ............................................. 25 
2 Materials and Methods ........................................................................ 27 
2.1 Materials ....................................................................................................... 27 
2.1.1 Strains ................................................................................................. 27 
2.1.2 Plasmids .............................................................................................. 27 
2.1.3 Primer sequences ................................................................................ 30 
2.1.4 Preparation of media and reagents ...................................................... 32 
2.1.5 Apparatus ............................................................................................ 35 
2.2 Methods ......................................................................................................... 36 
2.2.1 Incubation and culture preservation of E. coli .................................... 36 
2.2.2 Incubation and culture preservation of Streptomyces ......................... 36 
2.2.3 Preparation of E. coli competent cells ................................................ 36 















2.2.5 Fast extraction and detection of plasmid DNA of E. coli ................... 37 
2.2.6 PCR amplification system and the reaction conditions ...................... 37 
2.2.7 Purification of PCR products .............................................................. 38 
2.2.8 Recovery of DNA fragment ................................................................ 38 
2.2.9 Restriction enzyme digestion of fragments......................................... 39 
2.2.10 Ligation of target DNA and plasmid ................................................. 39 
2.2.11 Transformation into E. coli ............................................................... 39 
2.2.12 Fast extraction of genome DNA of Streptomyces ............................. 40 
2.2.13 Streptomyces plasmid extraction via alkaline lysis method .............. 40 
2.2.14 Conjugation between E. coli and Streptomyces ................................ 40 
2.2.15 Screening process and validation of double-cross mutants .............. 41 
2.2.16 Extraction of streptovaricin and intermediates ................................. 42 
2.2.17 Products detection of streptovaricin and intermediates .................... 42 
2.2.18 Bioinformatics analysis ..................................................................... 42 
3 Results and Analysis ............................................................................ 44 
3.1 Biosynthetic gene cluster analysis of streptovaricin ................................. 44 
3.1.1 Genome sequence of Streptomyces sp. NRRL 2494 ........................... 44 
3.1.2 Sequence analysis of t streptovaricin biosynthetic gene cluster ......... 44 
3.1.3 Characteristics analysis of streptovaricin biosynthetic gene cluster ... 48 
3.2 Genetic manipulation systems for Streptomyces sp. NRRL 2494 ............. 50 
3.2.1 Culture medium selection ................................................................... 50 
3.2.2 Antibiotic sensitivity tests ................................................................... 51 
3.2.3 Hyphae and spores morphology of the strain NRRL 2494 ................. 52 
3.2.4 Optimization of conjugal transfer conditions ..................................... 54 
3.2.5 Screening and optimization of fermentation medium ......................... 54 
3.3 Construction and verification of amide synthase svaF mutant ............... 56 
3.3.1 Bioinformatics analysis of amide synthase svaF ................................ 56 
3.3.2 Construction of plasmid pWY5 for inactiving gene svaF .................. 57 
3.3.3 Conjugation ......................................................................................... 59 
3.3.4 Screening process of double-cross mutants ........................................ 59 
3.3.5 Verification of svaF inactive mutant by PCR ..................................... 60 
3.3.6 Analysis of the metabolites from svaF inactive mutants .................... 62 
3.3.7 Construction of plasmid for svaF mutant complementary .................. 63 
3.4 Construction and verification of 3 methyltransferases mutants ............. 64 
3.4.1 Bioinformatics analysis of gene for methyltransferase ....................... 64 
3.4.2 Construction and verification of methyltransferase sva7 mutant ....... 65 
3.4.3 Construction and verification of methyltransferase sva14 mutant ..... 71 
3.4.4 Construction and verification of methyltransferase sva15 mutant ..... 75 















4 Conclusion and Discusion ................................................................... 81 
4.1 Discusion ....................................................................................................... 81 
4.1.1 Biosynthetic gene cluster of streptovaricin ......................................... 81 
4.1.2 Conjugation between E. coli and Streptomyces sp. NRRL 2494 ........ 82 
4.1.3 Function of amide synthase in the biosynthesis of streptovaricin ...... 83 
4.1.4 Presumed function of methyltransferases of streptovaricin ................ 83 
4.2 Conclusion and Prospect ............................................................................. 84 
References ................................................................................................ 86 
















摘  要 
I 
 
摘  要 
曲张链菌素（streptovaricin）是由壮观链霉菌（Streptomyces spectabilis） NRRL 
2494 产生的安莎类抗生素，与抗结核药物利福霉素具有相似的化学结构骨架，




本论文首次分析了 NRRL 2494 菌株的基因组全长 17.5 MB序列，并通过生
物信息学分析得出了曲张链菌素生物合成基因簇序列含有 37 个开放阅读框，总
长度约为 91.5 kb。结合前人的同位素喂养实验，推测了曲张链菌素从 AHBA起
始的生物合成途径。 






此外，构建了 6个 sva7单基因缺失突变株、1个 sva14 单基因缺失突变株和




步分析了 SAM依赖型甲基转移酶基因 sva7、sva14和 sva15 的甲基化修饰作用，





















Streptovaricin, produced by Streptomyces spectabilis NRRL 2494, is a kind of 
ansamycins with similar chemical structure to the well known antituberculous drug 
rifamycin. Streptovaricin has significant biological activity. This paper aims to obtain 
streptovaricin biosynthetic gene clusters on the basis of the strain NRRL 2494 
whole-genome sequencing and then elucidate the functions of related important genes 
by constructing a stable genetic manipulation system. So it is signification to set the 
basis for the discovery of new drugs via combinatorial biosynthesis. 
This paper analyzed the 17.5 MB full-length genome sequence of strain NRRL 
2494 for the first time. Bioinformatics showed that 37 ORFs are contained in the total 
length of 91.5 kb. We could infer the biosynthetic pathway of streptovaricin from the 
starting unit AHBA, combined with the earlier study of isotope feeding. 
Secondly, we established and optimized the genetic manipulation system of 
strain S. spectabilis NRRL 2494 after knowing that strain S. spectabilis NRRL 2494 
has the characteristics of antibiotic sensitivity and fast growth. The genetic 
manipulation system made it possible to analyze and identify the streptovaricin 
biosynthetic gene in vivo. 
We confirmed that the svaF gene is responsible for polyketide chains cyclization 
and release. We conducted in vivo gene disruption experiment of this gene by 
conjugal transfer, and compared mutant strains with wide type strain by fermentation 
product. The result indicated that the interruption of svaF gene might stop the 
production of streptovaricin. 
Furthermore, we conducted six mutants inactivation of the sva7 gene, a mutant 
inactivation of sva14 gene and three mutants inactivation of sva15 gene. Then we 
explored the role of methylation of streptovaricin. This laid the foundation for 
elucidating the function of corresponding methyltransferase. 
















and optimized the genetic manipulation system of strain S. spectabilis NRRL 2494 
and confirmed that the svaF gene is responsible for polyketide chains cyclization and 
release. Moreover, we explored the role of methylation of streptovaricin and 
constructed 3 methyltransferases mutants inactivation of sva7, sva14 or sva15. This 
paves the way for further study of methylation of streptovaricin and obtaining new 
structure of streptovaricin compounds. 
 
Key words: Streptomyces spectabilis; streptovaricin; biosynthetic gene clusters; 





































缩略词 英文  中文 
aac(3)IV Apramycin resistance gene 阿泊拉霉素抗性基因 
aminoDAHP 
3, 4-dideoxy-4-amino-D- 
arabino-heptulosonic acid 7-phosphate 
3,4-双脱氧-4-氨基-D-
阿拉伯庚酮-7-磷酸 
aminoDHQ 5-deoxy-5-amino-3-dehydroquinic acid 
5-脱氧-5-氨基-3-脱氢
奎尼酸 
aminoDHS 5-deoxy-5-amino-3-dehydroshikimic acid 
5-脱氧-5-氨基-3-脱氢
莽草酸 
AHBA 3-amino-5-hydroxybenzoic acid 3-氨基-5-羟基苯甲酸 
ACP acyl carrier protein 酰基载体蛋白 
Apr apramycin 阿泊拉霉素 
Amp ampicillin 氨苄青霉素 
AT acyltransferase 酰基转移酶 
ATP adenosine triphosphate 三磷酸腺苷 
bp base pair 碱基对 
CoA coenzyme A 辅酶 A 
d day 天 
DH dehydrase 脱水酶 
DHQ dehydroquinic acid 脱氢奎尼酸 
DMSO dimethyl sulfoxide 二甲基亚砜 
EDTA Ethylene Diamine Tetraacetic Acid 乙二胺四乙酸 
FAD flavin adenine dinucleotide 黄素腺嘌呤二核甘酸 
h hour 小时 
HPLC high performance liquid chromatography 高效液相色谱 
kb Kilobases pairs 千碱基对 
















KS ketosynthase 酮基合酶 
LC-MS liquid chromatography-mass spectrometry 液相色谱-质谱联用仪 
Mb Magabase pairs 百万碱基对 
NRPS nonribosomal peptide synthetase 非核糖体肽合成酶 
mg milligram 毫克 
min minute 分钟 
OD Optical density 光密度值 
ORF open reading frame 开放阅读框 
PCR polymerase chain reaction 聚合酶链式反应 
PKS polyketide synthase 聚酮合酶 
s second 秒 
TE thioesterase 硫酯酶 
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